The cardiorespiratory effects of thrombin-induced disseminated intravascular coagulation (DIC) were studied in two groups of dogs. The main changes were a reduction in cardiac output and arterial pressure, an increase in pulmonary artery pressure and an increase in venous admixture. In one group of dogs the reduction in cardiac output was diminished by the infusion of dextran 35 ml/kg body weight. This resulted in an increased pulmonary artery pressure but no significant differences in the indices of the efficiency of gas exchange. However, the haemodilution resulted in a lower mixed venous and arterial Po 2 in this group of dogs.
It has been suggested that the deposition of plateletfibrin microaggregates in the lung may lead to the later development of the "shock-lung" syndrome (Blaisdell, Lim and Stallone, 1970) . Arfors and colleagues (1972) reported that similar lung changes could be produced in dogs by inducing disseminated intravascular coagulation (DIC) with a thrombin infusion. However, the lung changes were minimal unless fibrinolytic activity had been blocked previously by the administration of a fibrinolytic inhibitor. The present authors used a similar model to define the nature of the disturbances in gas exchange produced by DIC. Surprisingly, there were only minimal changes in deadspace/tidal volume ratio and a moderate increase in total venous admixture, the reduction in arterial Po 2 being mainly a result of a profound reduction in cardiac output and mixed venous Po 2 (Jastrzebski, Arnot et al., 1975; Jastrzebski, Hilgard et al., 1975) . It was felt that the failure to find a significant increase in venous admixture might have been a result of the concomitant reduction in cardiac output, for both shunt and venous admixture have been shown to vary directly with cardiac output (Yamamura et al., 1969) .
To investigate this problem further DIC was induced in another group of dogs but the decrease in cardiac output was treated with a dextran infusion. The results in these dogs were then compared with those reported previously (Jastrzebski, Hilgard et al., 1975) .
METHODS
Seven greyhound dogs (weight 25-33 kg) were anaesthetized with thiopentone 20mg/kg i.v. An endotracheal tube was passed and anaesthesia was maintained throughout the rest of the experiment with intermittent doses of pentobarbitone to a total of 15-20 mg/kg. Ventilation was controlled with a Cape ventilator set to maintain an end-tidal carbon dioxide concentration of 4-5% at a respiratory rate of 15 b.p.m. Expired gas was separated from gas compressed in the ventilator tubing by interposing a collect valve between the endotracheal tube and ventilator tubing (Sykes, 1969) . Mixed expired gas then passed to a mixing unit (Sykes, 1968 ) and a gas meter.
Catheters for pressure recording and blood sampling were inserted into the abdominal aorta, inferior vena cava and pulmonary artery and the fluid infusion was given into the jugular vein. Pressures were recorded on a Devices four-channel heated stylus recorder using Bell and Howell strain gauges, whilst blood-gases were analysed using Radiometer equipment. Oxygen concentrations were determined with a Servomex OA101 paramagnetic analyser and carbon dioxide concentrations were measured with a Hartmann-Braun URAS 4 infra-red analyser. The cardiac output was measured with indocyanine green using a Gilford densitometer system. Details of the calibration procedures, sources of error and calculations have been given elsewhere (Sykes et al., 1970) . However, in the present experiments the dissociation curve of Rossing and Cain (1966) was used for the calculation of the saturation of haemoglobin from Po 2 .
The control measurements were obtained when the end-tidal carbon dioxide concentration had remained stable for 20 min. An infusion of 6 g of epsilon-amino caproic acid (EACA, Ab Kabi) was then given, the total dose being injected over a period of 15-20 min. When the systemic and pulmonary artery pressures had stabilized, an infusion of thrombin (Thrombintopical, Parke-Davis) was started. The dose of 150 NIH units/kg was dissolved in 50 ml of saline and infused into the inferior vena cava over a period of 20 min. The second set of measurements was made 1 hr after the start of the thrombin infusion and the third set of measurements 1 hr later. Warmed dextran 110 in saline (Fisons Pharmaceuticals) was infused in a dose of 35 ml/kg during the period between the second and third measurements.
The lungs were hyperinflated three times to + 30 cm H 2 O 5 min before each set of measurements. The expired gas volume was then recorded and samples of arterial and pulmonary artery blood were obtained whilst the mixed expired gas was being analysed. Duplicate or triplicate cardiac output measurements were performed and aortic, pulmonary artery and central vein pressures were recorded. Finally, oesophageal and ambient temperatures were measured.
Histology
At the conclusion of the experiments the animals were sacrificed by the i.v. injection of potassium chloride. Blocks of lung were obtained from the non-dependent portions of the lung and fixed in formal-saline. The material was paraffin-embedded in the normal manner and the sections stained with haematoxylin and eosin, phosphotungstic acid haematoxylin and the haematoxylin elastic Van Giesin method.
RESULTS
The control values in both groups of dogs were similar (table I) . There was a significant increase in deadspace/tidal volume ratio and arterial Pco 2 one hour after the start of the thrombin infusion in the dextran group, but otherwise the effects of thrombin infusion were similar in the two groups.
Dextran infusion produced significant increases in airway, pulmonary artery and central venous pressures. The cardiac output was sustained at a higher level than in the dogs not given dextran but was still significantly lower than the control values. Total venous admixture was increased significantly after dextran, but the increase was not significantly different from that occurring in the dogs not given dextran. However the alveolar-arterial Po 2 difference increased and the arterial Po 2 decreased significantly after the dextran infusion. The reduction in arterial Po 2 was partly a result of the increase in venous admixture and partly because of the marked reduction in mixed venous Po 2 in the dextran group. This in turn was a direct result of the haemodilution occurring after the dextran infusion.
Histology
Of the six dogs studied, five showed evidence of intravascular fibrin thrombi. In three dogs the thrombi were confined to capillaries and arteries less than 50 (j.m in diameter, in one dog they were present only in vessels larger than 50 [i.m in diameter whilst in the remaining dog the thrombi were present in both large and small vessels. In two out of the six dogs the thrombi were very numerous.
Alveolar oedema was present in only one of the six dogs although two other dogs had sub-pleural or perivascular oedema. There was no apparent relationship between the number of thrombi and the amount of oedema, but there was no oedema in the dog without microthrombi.
Additional features were the presence of occasional foci of intra-alveolar polymorphs in two dogs. These dogs also had areas of peri-arterial haemorrhage.
DISCUSSION
A number of investigators have now demonstrated an increase in pulmonary vascular resistance and a redistribution of pulmonary blood flow during acute hypovolaemic shock (Gerst, Rattenborg and Holaday, 1959; Naimark, Dugard and Rangno, 1968; B0 and Hognestad, 1971; Kim and Shoemaker, 1971) . The evidence suggests that these changes are associated with the deposition of platelet-fibrin microthrombi in the pulmonary vasculature although it is not yet certain whether the microthrombi are associated with disseminated intravascular coagulation or whether they originate SI = control; S2 = 1 hr after start of thrombin infusion; S3 = 2 hr after start of thrombin infusion. P = statistical significance by analysis of variance; P A w> PAO> PpA and PCVP = airway, mean aortic, mean pulmonary artery and mean central venous pressures (mm Hg); Q = cardiac output litre/min; Qva/Qt = % venous admixture; VD/VT = deadspace/tidal volume ratio; PAO S -Pa 02 = alveolar-arterial Po 2 difference (mm Hg); Pa Oj5 Pa COi , and Pv Oa = arterial Po 2 and Pco 2 and mixed venous Po 2 (mm Hg); Paco, -PACO, = arterial-alveolar Pco 2 difference (mm Hg); Vco 2 and Vo 2 = CO 2 output and O 2 consumption (ml/min STPD); Hb = haemoglobin concentration (g%).
from stored blood (Connell and Swank, 1973) , or from ischaemic tissue (Blaisdell, Lim and Stallone, 1970; Berman et al., 1971) . It has been suggested that the microthrombi may not only produce acute changes in lung function but that they may also damage the pulmonary vasculature and lead to the later development of the shock lung syndrome (Blaisdell, Lim and Stallone, 1970; Ratliffet al., 1970; Arfors et al., 1972) . The microthrombi may produce changes in lung function by obstructing portions of the pulmonary vascular bed (Allardyce et al., 1969) or by releasing vasoactive amines such as serotonin (B0, Hauge and Hognestad, 1971; Ljungqvist, 1973; Kusajima et al., 1974) . These substances may not only cause local or generalized pulmonary vasoconstriction (Swedenborg, 1971; Radegran, 1971 ) but may also constrict terminal airways and so cause regional underventilation (Stein et al., 1970) . Obstruction or local constriction of the pulmonary vascular bed would be expected to lead to an increase in alveolar deadspace (indicated by an increase in the arterial-alveolar P COa difference) and deadspace/tidal volume ratio, whilst narrowing of terminal airways would be expected to lead to an increase in total venous admixture.
In the first series of experiments (Jastrzebski, Hilgard et al., 1975) thrombin-induced DIC caused no changes in deadspace and only a moderate increase in total venous admixture. However, there was a marked reduction in the cardiac output which could have modified the results, for it is known that measured venous admixture decreases when cardiac output is reduced (Yamamura et al., 1969) . Therefore an attempt was made to reverse the reduction in cardiac output by infusing dextran between the second and third measurements. The volume of dextran infused (35 ml/kg) increased central venous pressure from 2 to 8 mm Hg but, although this prevented any further reduction, it failed to restore cardiac output to the value existing before the thrombin infusion. This suggested that the reduction in output was not solely a result of a reduction in circulating volume.
The close similarity between the measurements of deadspace and venous admixture in the two groups suggests that the measurements provide a true indication of the impairment of gas exchange following thrombin-induced DIC. However, it is surprising that there should have been such small changes in both arterial-alveolar Pco 2 difference and deadspace/ tidal volume ratio despite large changes in pulmonary artery pressure.
There are three possible explanations. First, the reduction in cardiac output was accompanied by an increase in pulmonary artery pressure which would have tended to distribute more blood to the nondependent portions of the lung. An increase in alveolar deadspace because of localized areas of reduced blood flow in the middle and lower zones of the lung might have been compensated by a reduction in alveolar deadspace in previously unperfused portions of the top of the lung (Askrog, 1966) . Second, most of the microthrombi were found in capillaries and arterioles less than 50 |i.m in diameter. It has been pointed out by Knisely (1968) that microthrombi up to 200 fxm in diameter cause little obstruction to the blood flow to an alveolus because of the large number of anastomotic channels which are present. Thus, obstruction in vessels less than 50 jj.m in diameter would not be expected to cause an increase in alveolar deadspace. A third possible explanation is that the vasoactive substances released from the platelets may have caused a simultaneous constriction in both the pulmonary arterioles and terminal airways. Since this would have tended to produce proportionate reductions in both ventilation and blood flow in affected areas of lung, it would not have affected either deadspace or venous admixture.
The presence of terminal airway closure is suggested by the increase in measured venous admixture. This change was not as great as had been expected but may have been modified by the hyperinflations performed before each series of measurements (Radegran, 1971) . However, although the increase in venous admixture was similar in the two groups of dogs, the reduction in arterial Po 2 and the increase in (PA OI -Pa Oa ) was much greater in the group of dogs given dextran. This was because of the reduction in mixed venous Po 2 which was produced by the haemodilution resulting from the dextran infusion (Sykes, Young and Robinson, 1965) . Although this degree of haemodilution is not encountered commonly in clinical practice, the experiments illustrate another possible cause of hypoxaemia when shock is treated by fluids other than blood.
These experiments produced a severe degree of DIC. Platelet counts decreased from a mean of 177.8 + 44.4 x 10 3 /mm 3 to 54.0 ± 22.9 x 10 3 /mm 3 , the fibrinogen concentration from 263 + 90 mg% to 86 ± 45 mg% and only eight out of the 14 dogs survived for as long as 4 hr after the start of the thrombin infusion. Despite this evidence of severe DIC, there was remarkably little impairment of gas exchange in the lung. However, the time scale of these experiments was necessarily short and it is therefore quite possible that the deposition of microthrombi may have produced structural damage which could ultimately have developed into the clinical picture of the shock lung syndrome. COAGULATION 
SUMARIO
Se estudiaron en dos grupos de perros los efectos cardiorrespiratorios de la coagulation intravascular diseminada inducida por la trombina. Los principales cambios consistieron en una reduccion de la capacidad cardiaca y la presion arterial, un aumento en la presion de la arteria pulmonar y un incremento en la mezcla venosa. En uno de los grupos de perros, la reduccion en la capacidad cardiaca fue atenuada por la infusion de 35 ml/kg (peso corporal) de dextrano. Esto dio como resultado un aumento de la presion de la arteria pulmonar, pero no hubo diferencias importantes en los indices de eficiencia de cambio gaseoso. Sin embargo la hemodilucion termino con un Po 2 arterial y venoso de mezcla mas baja, en este grupo de perros.
